ABSTRACT: Several Vibrio spp. cause disease in marine fish populations, both wild and cultured. The most common disease, vibriosis, is caused by V. anguillarum. However, increase in the intensity of mariculture, combined with continuing improvements in bacterial systematics, expands
INTRODUCTION
It is most appropriate that the introductory paper at this Symposium on Diseases of Marine Organisms should be about vibrios. The disease syndrome termed vibriosis was one of the first diseases of marine fish to be described (Sindermann, 1970; Home, 1982) . Called "red sore", "red pest", "red spot" and "red disease" because of characteristic hemorrhagic skin lesions, this disease was recognized and described as early as 1718 in Italy, with numerous epizootics being documented throughout the 19th century (Crosa et al., 1977; Sindermann, 1970) . Today, while "red sore" is, without doubt, the best understood of the marine bacterial fish diseases, new diseases have been added to the list of those caused by Vibrio spp.
The more recently published work describing Vibrio disease, primarily that appearing in the literature since 1977, will be the focus of this paper. Bacterial pathogens, the species of fish affected, virulence mechanisms, and disease treatment and prevention are included as topics of emphasis. For discussions of earlier work, the reader is referred to Sindermann (1970) and Roberts (1982) .
VIBRIOS AS BACTERIA PATHOGENIC FOR FISH
All members of the genus Vibrio are Gram-negative rods ranging in size and morphology from coccobacilli to definite rod-shape cells that may exhibit some degree of curvature, i.e., vibrioid. Under conditions of nutrient depletion or in the natural environment, including estuaries and the ocean, where oligotrophic conditions occur, vibrios will occur as small coccoid forms, representing a strategy for survival Xu et al., 1982; Novitsky & Morita, 1976) . Vibrio spp. are motile by means of a sheathed, polar flagellum, one or more at one pole of the cell. Some species also form non-sheathed lateral flagella, when grown on solid media. Lateral flagella play a role in attachment to surfaces and also appear to be involved in swarming (Belas & Colwell, 1982a; .
Biochemical features of the genus include fermentation of glucose, usually without the production of gas; sensitivity to 150 btg vibriostat 0/129 (2,4-diamino-6,7-diisopropylpteridine) per ml of medium; positive oxidase reaction, except for V. metschnikovii and V. gazogenes; and an absolute requirement for NaCI (West & Colwell, 1984) . The over-all DNA base composition, i.e., percent guanine plus cytosine, for the genus ranges from 38 to 51%, with the type species, V. cholerae, having an average % G+C of 47. Table 1 lists salient features of the genus, useful in identifying the fish pathogens. 
Vibrio alginolyticus
Formerly classified as V. parahaemolyticus biotype 2, V. alginolyticus often exhibits pronounced swarming on complex media, produces a positive Voges-Proskauer reaction, tolerates 10 % NaC1, and grows at temperatures up to 42 °C. It ferments sucrose and decarboxylates lysine and omithine (Table 1) .
V. alginolyticus is frequently isolated from fin fish, shellfish, seawater, and sediment (Gjerde & Boe, 1981; Joseph et al., 1982) . It is not widely recognized as a fish pathogen, even though it has been associated with ulcer disease (Akazawa, 1968) and mortality of sea-bream (Colorni et al., 1981; Iwata et al., 1978 ) (see Table 2 ). Recently, Burke & Rodgers (1981) found V. alginolyticus to be a secondary invader of "red spot", a disease caused by V. "anguillarum. Gauthier & Clement (1979) observed a streptomycin-resistant strain of V. alginolyticus to be present not only in sediment but also water, when the water temperature exceeded 16 °C. However, food chain transmission was not observed when reconstructed marine food chains were studied in the laboratory (Gauthier & Clement, 1979) . It is well established that V. alginolyticus can colonize the human gut (Sakazaki et al., 1963) . In fact, Hiratsuka et al. (1980) observed the cause of acute enterocolitis in a patient who consumed trout roe contaminated with the same bacteria to be V. alginolyticus. More frequently, V. alginolyticus is associated with skin infections (Blake et al., 1980) , such as conjunctivitis and stump ulcer cases described by Schmidt et al. (1979) . Even though Blake et al. (1980) reported that little work has been done on virulence mechanisms, it is probable, based on available evidence, that the collagenase and several extracellular proteases produced by V, alginolyticus (Long et al., 1981) participate in the invasion of fish and human skin.
Vibrio anguillarum
This vibrio, the first recognized to be a fish pathogen, includes strains capable of utilizing arginine and tolerant of 6 % NaC1; some strains tolerate 8 % salt and others are capable of growth in the presence of trace amounts of salt, i.e., they are reported to grow in 0 % salt, but in fact, require the concentration of NaC1 present in peptone used to prepare the medium . 1/. anguillarum is sensitive to 10 ~g 0/129, gives a positive Voges-Proskauer reaction and ferments sucrose (Table 1) . Recently, strains referred to as V. anguillarum biovar II were described as a new species, V. ordalii sp. nov. vide infra.
Vibriosis of V. anguillarum etiology has been described in over 42 species of fish, including ayu, eel, cod, pike, brown trout, flounder, striped bass and salmon. Vibriosis has been especially devastating to salmon reared in Pacific coastal waters {Crosa et al., 1977) . Vibriosis is a typical Gram-negative septicemia, exhibiting extensive hemorrhaging and necrosis in the internal organs and musculature. It is a rapidly fulminating disease, affecting both cultured and wild marine fish. Gross clinical signs of the disease include hemorrhaging of the fins, eyes, and ventral surface.
It is interesting to note the progression of discovery of V. anguillanlm throughout the world. It was first described in Europe, as the agent of "red spot" in eels (Bergman, 1909; Horne, 1982; Sindermann, 1970) . Its recovery from diseased fish in North America did not occur until 1953 (Crosa et al., 1977) , and Muroga et al. {1976) Two of the more recent developments with regard to 1/. anguillarum are very exciting and should lead to effective control of this fish pathogen. Virulence factors, and their genetic control, are receiving much attention in several laboratories. Also promising are several approaches to vaccination being investigated.
An interesting phenomenon was recently reported for V.. anguillarum isolates from ayu cultured in Japan. Muroga et al. (1979a) found that 27 of 52 isolates were not sensitive to vibriostatic agent 0/129, previously thought to be a significant attribute of Vibrio spp. These isolates were obtained from ayu that had been raised in ponds that contained prophylactic trimethoprim-sulfadoxine (TS). Similar findings were reported by Aoki et al. (1981) , after examination of 132 strains of V. anguillarum for resistance to 0/129 and trimethoprim. Transferable R plasmids were suspected, but could not be demonstrated.
Vibrio carchanae
The original isolate of V. carchariae was obtained from a dead sandbar (brown) shark (Carcharhinusplumbeus) (Grimes et al., 1984a) . Subsequently, it has been isolated from lemon sharks (Negaprion brevirostris) and from trematodes infesting the skin of lemon sharks (Grimes et al., 1984c) . V. carchariae is a swarming vibrio that exhibits mixed flagellation. Morphologically, and in terms of several biochemical attributes, V.
carchariae is practically indistinguishable from V. alginolyticus and the sucrose-positive, urease-positive strains of Vibrio parahaemolyticus. However, unlike these two vibrios, V. carchariae can not grow at 42°C; other differences include growth in 10 % NaC1 and Voges-Proskauer (Table 1) , as well as DNA homology. V. carchariae is described in detail elsewhere in this Symposium volume (GAmes et al., 1984b 
Vibrio cholerae
Serovars of V. cholerae, other than serovar 01, are occasionally isolated from fish. These V. cholerae serovars have been referred to as non-agglutinable (NAG) vibrios and as non-cholera vibrios (NCV), a practice that has created much confusion and is not acceptable nomenclature [West & Colwell, 1984) . The non-01 V. cholerae strains do not react with the 0 antiserum originally designated as 01.
In a study of the Danube River, isolated V. cholerae non-01 from water, fish, and sewage outfalls. The highest incidence of positive samples occurred during September (the warmest month) and 81.9 % of the isolates were enterotoxigenic, measured by rabbit ileal loop assay. Enterotoxigenic strains were recovered more frequently from fish than from water samples (Strusiewicz & Serban, 1980) . In a similar study, Szeness et al. (1979) isolated V. cholerae non-01 from fish, frogs, and birds.
Neither of these studies, however, commented on the health status of the fish from which the V. cholerae isolates were obtained. Muroga et al. {1979b ) isolated a Vibrio sp. from diseased ayu and demonstrated that the isolate was the causative agent of an ayu epizootic. Briefly, the disease was characterized by petechiae on the body surface and by internal organ congestion. The isolates were morphologically and biochemically very similar to V. cholerae, but did not agglutinate in either Ogawa or Inaba antisera, i.e., they were non-01 serovar. Muroga et al. (1979b) also determined the % G+C base ratio for their isolates (47 to 47.7 %), and demonstrated 86 % DNA homology between their isolates and If. cholerae NIH35A3.
There is little doubt that the cause of the ayu epizootic was the human pathogen, V.
cholerae.
In a later study, Yamanoi et al. (1980) demonstrated that one of the ayu V. cholerae isolates (strain PS-7701) survived for 320 days at 25°C in freshwater, 0.85 % NaC1 solution, Ringer solution, seawater, and in diluted seawater. They further noted that survival in water was greatly reduced at 2 °C, a finding similar to that of Singleton et al. {1982) . Related to this observation was the fact that healthy ayu could not be reinfected with V. cholerae, when the ayu were held at 16°C. However, when infected by the immersion method (ca. 1.26 × 104 cells/ml) and held at 21 °C and 26°C, most of the ayu died within 4 days post infection. The V. cholerae strain was also pathogenic for eels (Anguilla japonica] and for mice.
Vibrio damsela
First isolated from damselfish off the coast of southern California [Love et al., 1981) , V. damsela is now known to infect humans (Love et al, 1981) and sharks (Grimes et al., 1984a) . Distinguishing attributes of V. damsela include its ability to metabolize arginine and to produce gas during fermentation of glucose and other selected sugars (Table 1) .
V. damsela causes characteristic skin ulcers in the blacksmith, a temperate-water damselfish (Chromis punctipinnis), and in garibaldi (Hypsypops rubicunda), and was thought by Love et al. (1981) to have a narrow host range. However, we isolated V. damsela, along with V. carchariae, from a dead sandbar shark (C. plumbeus}, and subsequently demonstrated V. damsela to be virulent for the spiny dogfish shark (Squalus acanthias) (Grimes et al., 1984a ). Although we have not been successful in producing disease in lemon sharks (N. brevirostris) experimentally infected with V. damsela, V. damsela was cultured from the stomach of a wild lemon shark (Grimes et al., unpubl, data) .
Vibrio ordalii
V. ordalii was recently proposed by to include all strains previously designated as V. anguillarum biovar II. It is differentiated from V. anguillarum by giving negative reactions for: Voges-Proskauer; arginine dihydrolase; citrate; starch; ONPG; lipase; growth at 37 °C; and acid from cellobiose, glycerol, sorbitol, and trehalose (Table 1) . Detailed discussion of V. ordalil is provided in the recent review by Schiewe (1983) .
V. ordalii causes vibriosis in salmonid fish in the Pacific Northwest and in Japan.
This species appears to have a more host-dependent mode of existence than does V.
anguillarum, because it is rarely isolated from water, sediment, or other abiotic marine samples; V. ordalii is recovered only from moribund fish (Schiewe, 1983) . V. ordalii preferentially colonizes skeletal muscle, cardiac muscle, gills, and the gastrointestinal tract of salmonids, in contrast to V. anguillarum, which presents disseminated infections, with highest numbers in blood, loose connective tissue, kidney, spleen, gills, and in the posterior gastrointestinal tract. Several investigators have observed a marked leukopenia in moribund fish, suggesting the presence of a powerful leukocytolytic factor in V.
ordalii (Schiewe, 1983) .
Vibrio parahaemolyticus
First recognized as the etiologic agent of human seafood-borne disease in Japan in the 1950s, V. parahaemolyticus is the most thoroughly studied Vibrio sp., next to V. cholerae. Notable features of V. parahaemolyticus include swarming, growth at 42 °C, negative arginine reaction, and resistance to 10 t~g of 0/129. V. parahaemol~icus is considered to be non-sucrose fermenting. However, sucrose positive variants do exist, and are usually overlooked durin 9 routine clinical isolation (West & Colwell, 1984) .
V. parahaemolyticus causes gastroenteritis in humans and has also been implicated in extraintestinal infections (Blake et al., 1980; Joseph et al., 1982) . An enterotoxin appears to be involved, but has yet to be conclusively demonstrated (Joseph et at., 1982) .
V. parahaemolyticus was so named because of its ability to produce beta-hemolysis on high-salt blood agar, a reaction that has been designated the Kanagawa phenomenon. For reasons as yet unknown, only human clinical isolates seem to give a positive Kanagawa reaction; environmental isolates of V. parahaemolyticus, including fish isolates, are rarely Kanagawa positive (Joseph et al., 1982) .
The role of V. parahaemolyticus in fish disease is more obscure, and fish may simply function as a passive carrier. Like V. alginolyticus, V. parahaemolyticus is frequently isolated from both healthy and diseased fish throughout the world (Lall et al., 1979; Lhuillier, 1977; Franca et al., 1980; Qadri & Zuberi, 1977; Nair et al., 1980) . Important habitats for V. parahaemolyticus include sediment and shellfish (both oysters and crustaceans), with movement into the water column occurring during warmer months (Kaneko & Colwell, 1978; Joseph et al., 1982; Gjerde & Boe, 1981; Natarajan et al., 1980) . V. parahaemolyticus is occasionally isolated from skin ulcers of fish, but usually in association with other vibrios (Yasunaga & Yamamoto, 1977) . Kusuda et al. (1979) has isolated 1I. parahaemolyticus from vibriosis of red sea-bream cultured in Japan, and Gilmour {1977) recovered the species from fish farm tank water. Ortiz & Decker (1976) detected anti-V, parahaemolyticus antibody in the sera of 13 of 26 flounder examined; Robohm et al. (1979) , on the other hand, did not detect significant titers of anti-V.
parahaemolyticus antibody in the fish they examined. The status of V. parahaemolyticus as a fish pathogen needs to be more completely documented.
Vibrio vulnificus
V. vulnificus is a lactose-fermenting vibrio that, in many respects resembles V. alginolyticus and V. parahaemolyticus (Table 1) . Originally referred to as a lactosepositive vibrio, V. vulnificus is recognized as a highly virulent, opportunistic human pathogen with a low incidence of disease (Oliver et al., 1983; Joseph et al., 1982; Blake et al., 1980) . Oliver et al. (1983) studied the distribution of sucrose-negative vibrios in seawater, sediment, plankton, and animal samples collected at 80 sites from Miami, Florida to Portland, Maine. They concluded that V. vulnificus was ubiquitous, both geographically and in terms of presence in a variety of environmental samples. However, absolute numbers of V. vulnificus were always found to be low, since Oliver et al. (1983) demonstrated that only 33 isolates (0.83 %) of 3,887 sucrose-negative vibrios examined fermented lactose. Tison et al. (1982) reported on a new subgroup, biogroup 2, of V. vulnificus that is pathogenic for eels. Previously, the names V. anguillarum type B and V. anguillicida had been used to describe these vibrios (Nishibuchi et al., 1979) . Briefly, the eel disease caused by V. vulnificus biogroup 2 is a vibriosis characterized by a red patch or swollen lesion on the trunk or tail. In early stages of the disease, the skin and lateral musculature is primarily involved; advanced stages involve histopathological changes in the spleen, liver, kidney, heart, gills, and intestine (Miyazaki et al., 1977) .
V. vulnificus biogroup 2 differs from V. vulnificus biogroup I in several characteristics (Table 1) , and the two biogroups do not share common surface antigens (Tison et al., 1982) . However, because of the strong reassociation (> 90 %), under stringent conditions, of DNA from clinical V. vulnificus strains (i.e., biogroup 1) with DNA from eel isolates, Tison et al. (1982) proposed that the eel isolates, and strains phenotypically resembling the eel isolates, be classified as V. vulnificus biogroup 2.
Luminous Vibrio spp.
Although not known to be pathogenic for fish, the luminous vibrios deserve brief mention. These interesting species are symbionts of fish, livin 9 in the luminous organ (Ruby et al., 1980; Yetinson & Shilo, 1979; Hastings & Nealson, 1977) . The principal species are V. fischeri and 1,I. harvey1, although occasional strains of V. cholerae are also luminous. Light organs, located variously depending on the species of fish, usually contain approximately l0 g cells/ml, and the organ emits constant light (Haygood & Nealson, 1984} . Because of this high cell density, Haygood & Nealson {1984} believe that free-living luminous vibrios recovered from seawater are "over-flow" from light organs of fish. Presently, the precise reason for this unusual species interaction is unknown.
FISH POPULATIONS AFFECTED BY VIBRIO Vibrio spp. infect, and often cause disease in, a variety of estuarine and marine fish, some of which are listed in Table 3 . Generally speaking, disease is attributable to some form of stress that renders the fish more susceptible. The disease that follows is typically a systemic infection known as vibriosis or some form of skin ulcer (Table 3) . A y u. Ayu (Plecoglossus altivelis), a fish cultured in Japan, is susceptible to a variety of infections, including streptococcal and vibrio disease. Vibrio disease is usually a classic vibriosis caused by V. anguillarum (Jo & Muroga, 1977; Kusuda et al., 1981; Aoki & Kitao, 1978) . However, V. cholerae serovar non-01 has also been implicated in ayu disease (Muroga et al., 1979b; Yamanoi et al., 1980}. A k a m e. Wild akame (Liza akame) were observed by Muroga {1979} to have skin ulcers caused by a parasitic copepod, Caligus orlentalls. The copepod was detected on 35 of 36 akame examined, with an infestation rate of 27 copepods per fish. Several species of bacteria were isolated from the lesions, including Vibrlo spp.
C o d. Atlantic cod (Gadus morhua) are susceptible to vibriosis, especially when exposed to polluted waters. Larsen et al. (1978) observed that cod living in Danish coastal waters suffered from a specific ulcer syndrome, but only when exposed to water contaminated with municipal sewage or effluent from sugar and cellulose plants. Larsen et al. (1978} were not able to elucidate etiology of the primary lesion, but could demonstrate that V. anguillarum infected the ulcer thereby establishing a generalized vibriosis. In a later study, it was shown that V. angufllarum could not elicit the disease, even when the organism was inoculated into the animal by a variety of routes (Jenson & Larsen, 1982) . Interestingly, an icosahedral virus isolated from the diseased cod was shown to produce the ulcer syndrome. Thus, it was hypothesized that the icosahedral virus was necessary to initiate pathogenesis, with V. anguillarum playing a role in progression of the disease. Most interesting was the relationship between the incidence of V. anguillarum and wastewater discharge. The frequency of occurrence of V. anguillarum was highest in areas of known contamination, and the numbers of V. anguillarum in water and sediment immediately increased in direct response to effluent discharge from a sugar plant (Larsen et al., 1978) . Robohm et al. (1979) also studied the effect of pollution on fish disease, and were able to demonstrate significantly higher antibody titers to V. anguillarum in flounder collected from the New York Bight apex than in flounder from unpolluted coastal waters. In a study of captive Atlantic cod, it was observed that 320 of 621 cod died from fin rot, over an 8-year period. Most deaths occurred within 2 months after capture, and death was probably due to excessive blood loss associated with fin erosion. Three genera of bacteria were isolated from the infected tissues, mainly Pseudomonas spp., but also Aeromonas and Vibrio spp. (Khan et al., 1981) . E e 1 s. Cultivated eels are susceptible to a variety of bacterial infections, producing several clinical symptoms. Correct diagnosis is, therefore, dependent on isolation and identification of the pathogen (Nishibuchi et al., 1980) . In addition to diseases caused by Aeromonas and Pseudomonas spp., discussed above, eels are susceptible to infection with V. anguillarum and 11. vulnificus biogroup 2 (Nishibuchi et al., 1980; Tison et al., 1982) . Rodsaether et al. (1977) concluded that V. anguillarum is part of the normal flora of eels (A. anguilla}, and that copper contamination changes the commensal association between fish and the bacterium to pathogenicity. In contrast, is the finding of Kanai et al. (1977) who reported they could not recover Vibrio spp. from healthy eels (A. japonica}, except during the month of October. However the results of Kanai et al. (1977) must be seriously questioned, with regard to Vibrio recovery, since the recovery medium used was nutrient agar without salt added. Vibrios, in general, require NaC1 for growth . anguillarum (Hoornbeek et al., 1982; Watkins et al., 19811 Robohm et al., 1979) .
Myxobacter and protozoan parasites have also been shown to be associated with flounder mortality observed by Hoombeek et al. (1982) , but it was not stated whether there were mutualistic, mixed infection, or vector relationships with V. anguillarum. Watkins et al. (1981) studied laboratory infections of winter flounder, and found that the LDs0 was lower (by 2-3 logs) for challenge by injection of V. anguillarum, compared with oral challenge. In addition, the mean LDs0 for fish collected during the winter was about 3 logs less than that for specimens collected in the summer.
G r a y m u 11 e t. Healthy gray mullet (Mugil cephalus} were shown by Hamid et al. (1978) to carry Enterobacter, Bacillus, and Micrococcus spp. as the principal intestinal bacteria. When transferred to seawater, the dominant genera recovered from the fish included Vibrio, Pseudomonas, and Aeromonas. In subsequent studies, it was shown that the intestinal Vibrio and Enterobacter spp. were strongly proteolytic and also capable of producing amylase, chitinase, and lecithinase (Hamid et al., 1979) . In a later study, Kakimoto & Mowlah (1980) showed these gray mullet isolates to be V. anguillarum and E. aerogenes. Minchew & Yarbrough (1977) demonstrated that experimental crude oil spills significantly increased the incidence of fin rot in mullet, from 6 % in clean, control ponds to 96 % in ponds contaminated with 4-5 ~l/1 (ppm) crude oil. A Vibrio sp. was considered to be the primary pathogen involved in the oil-associated fin erosion. Interestingly, Hada & Sizemore (1981) showed that the incidence of Vibrio spp. in the water column near a Gulf of Mexico oil field production platform was much greater than incidence in a noncontaminated control area. Furthermore, these vibrios were more likely to contain one or more plasmids. S a I m o n i d s. Vibriosis of salmonid fish, both wild and cultured, is a serious disease of worldwide distribution and importance. As discussed above, both V. anffuillarum and V. ordafii can cause vibriosis in salmon (Schiewe, 1983; Crosa et al., 1977; Harrell et al., 1976) although in specific cases other Vibrio sl0p. have been isolated {Tajima et al., 1981). Yoshimizu et al. (1976a Yoshimizu et al. ( , 1976b Yoshimizu et al. ( , 1976c published a series of studies on the intestinal microflora of salmonids, Masu salmon reared in freshwater were found to contain Aeromonas as the predominant bacterial genus in the intestine, When the fish were moved to seawater, a succession in the bacterial flora composition occurred, going from Aeromonas to Pseudomonas to Vibrio dominance (Yoshimizu et al., 1976a) . Yoshimizu et al. (1976b) also studied the intestinal microflora of salmonids living in the Bering Sea, as well as bacteria associated with seawater and zooplankton samples collected from the Bering Sea. Vibrio spp. were found to be dominant in the intestine of salmonids. The microbial flora of the animals differed from that isolated from seawater and zooplankton. Finally, Yoshimizu et al. (1976c) compared the intestinal microflora of adult pink salmon (Oncorhynchus gorbuscha) with that of anadromous chum salmon (0. keta) and cultured masu salmon (0. masu). Predominant bacterial genera in the anadromous pink and chum salmon were Vibrio, Pseudomonas, and Aeromonas. In the masu salmon, Aeromohas dominated. It would appear, therefore, that Vibrio spp. comprise the normal intestinal flora of salmonids, with exposure to seawater serving as a selective pressure. Sawyer et al. (1979) studied the comparative susceptibility of atlantic salmon (Salmo salar) and coho salmon (Oncorhynchus kisutch) to V. anguillarum administered via water. Exposure to ~ 105 cells/ml for 1 h at 10 °C and at 15 °C resulted in the death of 80 to 100 % of both salmonid species. It was concluded that newly released smolts could encounter lethal concentrations of V. anguiltarum if the animals were released in Maine 
keta) suffering from erythrocytic necrosis virus (ENV). Fish infected with
ENV were less tolerant of dissolved oxygen depletion, exhibited characteristic cytopathogenic effects in erythroid cells, and were at least 3 times more susceptible to vibriosis. S e a -b r e a m. Acute septicemia was observed by Colorni et al. (1981) to be a frequent cause of mortality among gilthead sea-bream (Sparus aurata) raised in a laboratory at Elat, Israel. The most frequently isolated bacterium was 1/. alginolyticus, although 6 distinct strains were identified. Yasunaga & Yamamoto (1977) studied a similar outbreak among cultured red sea-bream (Pagrus major) and isolated several cultures of Vibrio that were able to be classified as 3 distinct groups. Iwata et al. (1978) , in a study of the virulence of 1/. alginolyticus for red sea-bream, discovered that red seabream mortality increased if rotifers were present in the seawater along with the V.
alginolyticus, If Chlorella was mixed with V. alginolyticus, mortality was less than if V. alginolyticus was present alone. When all three microorganisms, V. alginotyticus, Chlorella, and rotifers, were mixed in an aquarium, the number of V. alginolyticus increased as the rotifers grazed and consumed the Chlorella.
S h a r k s. Diseases of sharks have been described recently (Grimes et al., 1984a, b, c) , with Vibrio spp. definitely involved in certain of the shark infections reported. Genera other than Vibrio have been isolated from shark specimens examined in our laboratory, and these bacteria are now being characterized. Cheung et al. (1982) isolated and described a vibrio associated along with a trematode (Dermophthirius nigrellii) (Cheung & Ruggieri, 1983) which induced ulcers in captive lemon sharks. Unfortunately, the few biochemical characteristics reported by Cheung et al. (1982) Vibrio spp. have been isolated from moribund striped bass (Toranzo et al., 1983a) , two groups of which were identified as V. anguillarum (Toranzo et al., 1983b) . Hetrick et al. (1984) found that the virulence of V. anguillarum for striped bass was directly influenced by age of the fish and water temperature. Exposure of the striped bass to sub-lethal chlorine levels (0.05-0,20 rag/l, total residual chlorine) did not affect susceptibility to infection. Virulence (LDs0), cytotoxicity, hemolytic activity, and adhesiveness of V.
anguillarum have been studied (Toranzo et al., 1983b) , as well as plasmid content and envelope protein profiles (Toranzo et al., 1983a) . Details of this work are discussed in the section on mechanisms of virulence (vide infra). Turbot. A vibriosis described by Home et al. (1977) as an acute edematous disease and characterized by orbital and abdominal swelling and high mortality (20 %), occurred in turbot (Scophthalmus maximus] in Scotland. V. anguillarum was isolated, in pure culture, from all organs of all of the fish examined. Antibiotic therapy was not successful, but reduction of the water temperature to less than 10 °C reduced mortality from 30 % to 5 %. Austin (1982) studied the surface bacterial flora of healthy turbot, as well as specimens collected from turbot suspected of having vibriosis, and failed to isolate V. anguillarum from any of the samples.
VIRULENCE MECHANISMS
The most recent work on Vibrio diseases of marine fish has dealt with elucidation of virulence mechanisms. Much of this exciting work involves molecular genetics and the bulk of the studies have been directed toward V. anguillarum and V. ordalii because of the extensive involvement of these pathogens in fish diseases throughout the world.
In 1977, Crosa, Schiewe, and Falkow (Crosa et al., 1977) (Crosa et al., 1977) . Furthermore, cured strains lost their virulence (Crosa et al., 1977 . Crosa (1979 Crosa ( , 1980 subsequently demonstrated that the plasmid pJM1 codes for production of a highly efficient iron sequestering system which allows V. angufllarum to obtain iron necessary for metabolism, even in the presence of host defense factors that have high affinity for unbound iron (i.e., transferrin and lactoferrin, iron chelating proteins present in body fluids and secretions of vertebrates). Briefly, the iron sequestering system consists of a low molecular weight siderophore and two outer membrane proteins, OM2 and OM3, which have molecular weights of 86,000 and 79,000 daltons, respectively (Crosa et al., 1983) . Both the siderophore and OM2 are coded by pJM1; OM3 is chromosome product of unknown involvement in the system. The siderophore diffuses into the environment and complexes with iron, even iron that has been bound by vertebrate transferrin (Crosa et al., 1983) . The siderophore-iron complex is attached to outer membrane protein OM2, where iron is then presumably transported into the cell (Crosa et al., 1983) . Trust et al. (1981) studied the ability of marine vibrios, including V. anguillarum, to agglutinate erythrocytes and to resist the bactericidal effect of normal (nonimmune) serum. High virulence strains of V. anguillarum exhibited resistance to normal trout (Salmo gairdneri) serum and agglutinated trout erythrocytes, even in the presence of mannose. However, neither serum resistance nor mannose-resistant hemagglutination was coded by virulence plasmid pJM1. Recently, demonstrated the presence of a 20 Mdal plasmid, pMJ101, in V. ordalii. Homology was not observed between pJM1 and pMJ101, and the function of pMJ101 was concluded to be cryptic. Interestingly, the presence of this 20-Mdal plasmid is universal in all strains of V. ordalii examined thus far, and it is the only plasmid present. Toranzo et al. (1983a, b, c) extended the molecular genetic and virulence studies of V. anguillarum to strains isolated from moribund striped bass (M. saxatilis) captured in Chesapeake Bay. In a study of molecular factors associated with virulence, Toranzo et ak (1983b) found that, of 8 distinct groups of Vibrio spp. isolated from striped bass and Chesapeake Bay water samples, two vibrio groups were pathogenic for striped bass.
These two groups were identified as V. anguillarum, based on biochemical tests and DNA homology with reference strains. None of the V. anguillanzm strains contained detectable plasmids, although all strains were capable of growing under conditions of iron limitation and in normal fish serum. When grown under iron limitation, new outer membrane protein bands appeared in SDS-polyacrylamide gels. Furthermore, the striped bass V. anguillarum strains were shown to synthesize a sideophore, and preliminary experiments revealed the presence of chromosomal DNA sequences that hybridized with pJM1 (Toranzo et al., 1983b) . In a related study, Toranzo et al. (1983c) showed that the striped bass 1I. anguitlarum strains were not cytotoxic for a chinook salmon embryo cell culture, although all strains were hemolytic for striped bass, trout, and sheep erythrocytes. Munn (1978) has also investigated hemolysin production by V. anguillarum, and he found the toxin to be a thermolabile protein produced in stationary growth phase. In addition, the V. anguillarum strains studied by Toranzo et al. (1983c) also produced strong hemagglutinins for trout, striped bass, and other erythrocytes. Adhesion of V. anguillarum to rainbow trout intestinal tissue sections was recently examined by Home & Baxendale (1983) . They found that maximum attachment occurred within 100 min, and that all regions of the gut were subject to heavy (ca. 103 cells per cm 2) colonization. Kreger (1984) studied the virulence of V. damsela, and detected the production of a cytolytic toxin. The toxin has a molecular weight of 57,000 daltons and is antigenically distinct from toxins produced by V. cholerae, V. parahaemolyticus, and V. vulnificus.
Using mouse erythrocytes as the cytolytic assay system, Kreger found that partially purified cytolysin from an unnamed fish isolate contained ca. 3 x 105 hemolytic units per mg of protein. Mice injected subcutaneously with 1 LDs0 (1,000 hemolytic units) of the cytotysin became lethargic, had ruffled fur, developed encrustations around the eyelids, and exhibited severe local edema at the site of inoculation; mice so injected usually died within 24 h. To date, there have been no reported virulence studies conducted on fish.
Both V. vulnificus (Smith & Merkel, 1982) and V. anginolyticus (Long et al., 1981) produce collagenase which presumably aids in the cutaneous infections caused by these two vibrios. Other Vibrio spp. have also been shown to be capable of elaborating collagenase, but the role of the proteolytic enzyme in pathogenesis has not been reported (Merkel & Dreisbach, 1978}. TREATMENT AND PREVENTION
Antimicrobial agents
Attempts to control fish disease have been reported almost since development of the first clinically successful antimicrobics in the late 1940's (Snieszko et al., 1952) . Treatment of freshwater fish species, wild or cultured, is relatively easy, since one is usually dealing with a small body of water. Saltwater species on the other hand, unless they are cultured or confined, present obvious difficulties because of the immense size of the habitat. Generally speaking, the most widely used antimicrobials have been the sulfonamides, the nitrofurans, the tetracyclines, and, more recently, substituted quinolines. Regardless of what antimicrobic is used, bacteria can develop resistance by aquisition of R plasmids (Aoki et al., 1980; Kimura et al., 1983; Toranzo et al., 1983a) .
One of the more useful antimicrobials has been the combination of two bacteriostatic chemicals, sulfonamides and trimethoprim. In concert, these two chemicals have a synergistic effect, and can be used effectively to control resistant organisms (Kimura et al., 1983; Sako & Kusuda, 1978; Sako et al., 1979) . Recently, Keck et al. (1980) reported that increased oxygen tension (ca 2.2 atm.) markedly potentiated a bacteriostatic effect (i.e., lowered the minimum inhibitory concentration, MIC) of folic acid inhibitors, such as sulfonamides and trimethoprim-sulfonamides.
Some of the newer agents include piromidic acid (Tashiro et al., 1979) , furanace (Egidius & Andersen, 1979) , and substituted quinolines, such as halquinol (Austin et al., 1981 . Also, some degree of success in preventing transmission of several Gramnegative fish pathogens, including V. anguillarum, has been achieved by ultraviolet (Bullock & Stuckey, 1977) . In Table 4 are listed some of the more effective antimicrobials.
Immunization
As with antimicrobial therapy, immunization has also been practiced for many years (Snieszko & Friddle, 1949; Krantz et al., 1963; Hayashi et al., 1964) . Early attempts at immunization involved crude antigen preparations, if not simply whole cells, and was labor intensive. Recent approaches to immunization are novel and much more efficacious than the early procedures. A wide variety of antigen preparations, administered in different ways, have been tried and are presented in Table 5 .
The simplest delivery system appears to be the administration of the vaccine by the oral route, usually with food. Kusuda et al. (1978) studied four different oral vaccines Formalin-killed and formalin-killed, ultrasonicated bacterins were the most effective, lowering mortality from 90 % in controls to approximately 10 %. Interestingly, circulating antibody could not be detected. In a follow-up study, compared orally immunized ayu with non-immunized controls to determine the site of immunity.
Immunized fish were highly resistant to challenge with V. anguillarum by immersion, but were equally susceptible, as were the controls, when the challenge was by intramuscular injection. It was determined that the skin of immunized ayu was free from V.
anguillarum, when challenged by immersion, and serological examination of the body surface mucus revealed an agglutinin titer of 1 : 64 . Neither the serum nor the intestinal mucus of immunized fish contained increased agglutinin titers. It was concluced that the mechanism of immune resistance involved prevention of bacterial attachment by agglutinins secreted in the surface mucus .
Vaccination by direct immersion of fish has been practiced in the commercial sector by Antipa & Amend (1977) . They dipped the salmon (O. kisutch and O. tshawytscha) in a hyperosmotic salt solution, a step that was hypothesized to enhance antigen uptake. The salmon were next dipped in killed V. anguillarum antigen preparations, and immunized animals were compared with non-immunized controls and intraperitoneally-injected immune controls. Antipa & Amend (1977) concluded that the hyperosmotic infiltration method of vaccine delivery afforded the best protection and yielded the most rapid rise in antibody titer. Croy & Amend (1977) studied the hyperosmotic infiltration method of immunizing sockeye salmon (0. nerka) against vibriosis, using killed V. anguillarum as antigen. They found that pre-immersion of the fish in Hanks' balanced salt solution with 8 % NaC1 was markedly superior to immunization without hyperosmotic treatment. In subsequent studies on immunizing against V. anguillarum, Lannan (1978) applied the hyperosmotic approach for chum salmon (0. keta) and Nakajima & Chikahata (1979) tried it for ayu (P. altivelus). Most recently, Aoki et al. (1984) modified the hyperosmotic approach by removing undesirable toxic components of V. anguillarum, Specifically, they formalized a culture and sedimented the cells by centrifugation to remove soluble toxic factors in the supernatant The precipitated ceils were used to immunize ayu previously immersed in a 5.32 % NaC1 solution. Controls consisted of non-immunized and intraperitoneally immunized ayu. Removal of the supernatant increased the survival of immunized ayu. The conclusion was that an exotoxin was present in the formalized cultures. Upon intraperitoneal challenge with viable V. anguillarum, survival was found to be greatest (near 100 %) among ayu immersed in precipitated cells, next highest (60-70 %) among ayu injected intraperitoneally, and least (ca. 20 %) among nonimmunized controls. One month after immunization, no agglutinating titers were detected in the serum or mucus of fish immunized by immersion or in non-immunized controls. Intraperitoneally immunized ayu had elevated serum titers, but no anti-V. anguillarum activity was detected in the mucus (Aoki et al., 1984) .
Later studies revealed prior treatment with hyperosmotic salt immersion was unnecessary. Gould et al. (1979) (Gould et al., 1979) . Johnson et al. (1982a, b) examined the direct immersion method as a means of immunizing the fry of different salmonids. In general, the best results were obtained with fry 1.0 to 2.5 g, total body wt, and the immersion time required was ca 5 seconds. Direct immersion as a means of immunizing against vibriosis has also been applied to cultured ayu (Kusuda et al., 1980; Takeji et al., 1981) and to striped bass (Roberson et al., 1982) . Roberson et al. (1982) used a 2-min immersion in I/. anguillamm 0-antigen (acetone-ethanol extract), and enhanced antibody levels were detected in serum collected from the striped bass. Spray, or shower, vaccination is basically a modification of direct immersion, in that fish are immunized by a high pressure spray directed at netted fish or at fish in shallow channels. This approach has been used successfully to immunize both ayu and salmonids against V. anguillarum (Gould et al., 1978; Itami & Kusuda, 1978 , 1980a Johnson et al., 1982b) , In general, immunity was comparable to that obtained with direct immersion, and better than that by oral (Gould et al., 1978) .
Intraperitoneal injection is perhaps the most effective, in terms of producing a high degree of immunity, but is both expensive and labor intensive. It also subjects the fish to stress associated with handling. Single injections of V. anguillarum bacterins (heatkilled, formalin-killed, or both) gave significant protection in salmonids for over 7 months post-inoculation (Antipa, 1976) . Sawyer & Strout (1977) compared immunization with oxytetracycline treatment as methods for controlling vibriosis in coho salmon, and found intraperitoneal immunization significantly superior to antibiotic prophylaxis. Finally, Home et al. (1982) compared intraperitoneal, direct immersion, and oral administration of formalized V. anguillarum to rainbow trout (Salmo gairdneri)using a vaccine containing 35 mg (wet wt.) of bacterin per ml of vaccine and 2.5 % (w/v) potassium aluminum sulfate adjuvant. The intraperitoneal route employed 100 ~1. Fish were immersed for 30 min in a 10-fold dilution for direct immersion. For oral route of entry, 3.5 mg of bacteria were given with food over a 32-day period, After 85 days, all fish, including non-immunized controls, were challenged by intraperitoneal injection of 2 x l0 T viable cells of V, anguillarum. Survival rates at 21 days after challenge were 93 % for intraperitoneal delivery of the vaccine; 47 % for direct immersion, 6 % for oral, and 0 % for controls. In a follow-up study, Agius et al. (1983) used a perchloric acid extract as the antigen preparation, and compared it to formalin-killed V. anguillarum cells as an immunizing agent. The antigen extract was concluded to be superior when intraperitoneal delivery was employed, but formalized cells were better in delivery by the oral route. Alum appears to offer little additional protection, leading Home et al. (1984) to question the use of adjuvants.
In addition to improvements in methods of immunization, improvements have also been made in serological techniques. Roberson (1981) combined the methods of thin layer immunoassay and enzyme-linked immunosorbent assay (ELISA) to detect anti-V. anguillarum antibody in striped bass immunized by intraperitoneal injection with 0-antigen. The sensitivity was found to be comparable to passive hemagglutination. Gosting et al. (1981) used an immunocytoadherence assay to monitor progression of the immune response in sockeye salmon immunized against V. anguillarum by immersion and intraperitoneal injection. Both delivery methods initiated an elevated immune adherence in less than 1 day, and the response persisted 1 week longer in injected than in immersed fish.
CONCLUSION
The understanding of Vibrio diseases of marine fish populations has increased significantly since the first description of 1/. anguillarum appeared in 1893 (Canestrini, 1893) . We now recognize several Vibrio spp. as being capable of causing disease in fish. The number of species of Vibrio involved will no doubt increase as mariculture activities are extended. However, modern immunization techniques, more effective antimicrobials, and better understanding of the ecology of the genus Vibrio offer means for improved control of Vibrio disease. In the near future, it will be possible to prevent vibriosis by specific genetic manipulations of the pathogens (Colwell, 1983 (Colwell, , 1984 .
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